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IimiOHIOTION 


CCDslderable  controversy  has  hesn  sparked  over  the  past  tvo 
decades  about  the  relationship  between  laterellzed  speech  lomlnasce  In 
the  cerebral  hemispheres  and  behavioral  measures  of  lateral  asymmetries. 
Specifically,  It  has  been  hypothesized  that  hand  donlnesce  (Milner, 

19Wt  ear  asymmetry  on  the  Dlchotlc  Listening  Test  (Sate,  19^S],  and 
visual  field  asymmetry  on  tachlstoscoplc  recognition  tasks  (Klsura, 

19^}  are  all  related  to  the  lateralization  of  verbal  and  nonverbal 
functions  in  the  human  brain.  The  experiments  to  be  reported  In  this 
paper  neal  with  the  development  of  a new  techni<iue  for  measuring  visual 
field  asymmetries  and  their  relationship  to  the  cortical  lateralization 
of  language  functions.  These  experiments  are  based  on  Information 
gained  through  studies  relating  handedness,  ear  asymmetry,  and  visual 
field  asymmetry  to  speech  dominance.  Ihese  studies  will  now  be  reviewed, 
with  the  primary  emphasis  on  tbs  visual  field  studies. 

Relationship  Between  Handedness  end 

The  relationship  between  speech  laterality  and  handedness  la 
veil  documented,  although  many  aspects  of  this  relationship  are  still 
unclear.  It  has  long  been  suggested  (e.g.  Stelr,  1911)  that  right- 
handed  persons  tend  to  be  left-brained  for  speech,  tdille  left-handed 
persons  tend  to  have  speech  functions  localized  in  the  right  hemisphere. 
The  first  evidence  for  this  relationship  came  from  studies  0 
patients,  where  different  conseiiuences  of  right  hemisphere  1 


were  noted  tietveen  sinlstrols  and  deitrals.  Jollowisg  a lesion  to 
the  right  henisphere,  only  about  one  per  cent  of  right-handed  patients 
hut  30  per  cent  of  left-handed  cases  displayed  aphasic  sys^tons 
(Zangwlll,  1?£0). 

More  definitive  evidence  concerning  speech.hrain  laterall- 
tation  and  handedness  coites  frcn  studies  using  the  intracarotid  sodlua 
asytal  test  of  speech  (Vada  and  Sassaissen,  19dO].  This  procedure, 
which  ia  used  clinically  to  deterslne  speech  lateralization  in  neuro- 
surgery patients,  enables  the  selective  supression  of  one  hemisphere 
through  unilateral  injection  of  sodium  amytal  into  the  carotid  artery. 
Because  of  medical  risks  this  technique  cannot  be  used  with  normal  ^s. 

Branch,  KUner  and  Basmussen  (19^4]  used  the  sodium  amytal 
procedure  to  eveluate  cerebral  speech  dominance  in  a series  of  123 
patients,  forty-one  of  their  patients  were  right-handed,  4?  were  left- 
handed  end  17  were  claselfied  aa  eshldextrous.  Ihese  patients  were 
being  considered  for  brain  surgery  for  the  relief  of  focal  cerebral 
seizures.  This  study  demonstrated  clear  differences  in  lateralization 
of  speech  functions  between  left-  and  right-handed  patients,  with  the 
latter  showing  a significantly  higher  percentage  of  left-brained 
speech  representation,  left  hemispheric  speech  representation  was 
demonstrated  for  90  per  cent  of  the  right-handed  £a  and  only  64  per 
cent  of  the  left-handed  or  ambidextrous  patients.  Bn  additional  l£ 
per  cent  of  the  left-handed  patients  demonstrated  bilateral  cerebral 
representation  of  speech  functions.  Direct  tests  of  the  lateralization 
of  speech  functions  have  also  been  carried  out  using  electrical  stimu. 
lation  of  the  brain  during  neurosurgery  (Penfield  and  Koherts,  1959). 


Despite  the  introiuctlsn  ef  this  nev  nellcal  technique,  vhich 
is  Host  definitive  in  detencinlng  the  cbnlcal  laterallsation  of  speech 
functions,  it  cannot  answer  prohleiss  which  arise  with  regard  to  the 
norical  develonsent  of  lateralized  speech  since  It  can  only  he  employed 
with  candidates  for  train  surgery,  all  of  whom  already  possess  some 
type  of  central  nervcus  system  disorder.  Differences  between  this 
group  and  cortlcally  intact  £e  may  mahe  generalization  to  population 
norms  unreliable,  disc,  the  use  of  only  brain-injured  ^s  prevents 
measurement  of  ontological  and  behavioral  correlates  of  the  normal 
development  of  cortioal  lateralization.  For  example,  it  is  not  laovs 
whether  differences  in  intelligence  exist  between  persons  with  left, 
right,  or  bilateral  speech  representation.  In  addition,  it  has  been 
suggested  that  developmental  dyslexia  may  be  associated  with  a failure 
to  develop  cortical  lateralization  for  speech  functions  (Benton,  1$^, 
Delacato,  195?).  Finally,  the  age  at  which  speech  lateralization  occurs 
in  children  Is  unclear,  with  estimates  ranging  from  age  two  (Fenfield 
and  Soberts,  1959),  four  to  six  CKlmura,  19^3)  and  up  to  puberty 
(lennenberg,  1957).  The  failure  of  neurosurgical  techniques  (e.g. 

Veda  test,  ablations]  and  the  observation  of  deficits  produced  by  brain 
lesions  to  answer  these  questions  has  resulted  in  the  development  of 
special  techniques  which  atteipt  to  measure  the  cerebral  lateralisation 
of  speech  functions  in  cortlcally  intact  £s. 

Eevelopment  of  Behavioral  Peasures  of 

Over  the  past  15  years,  extensive  studies  in  vision  and  audition 
have  disclosed  lateralized  differences  in  the  processing  of  verbel  and 


nosTerb^],  d&ta  vhlcti  ara  appareotl}'  related  to  the  pbenOBeDoti  of 
fucatlonal  lataralitatlon  of  speech  vlthla  the  cerebral  benispheres. 
These  neosures  have  seealngly  provided  an  easily  acceeslble,  alihoueh 
less  precise,  vay  of  estliatlsj  vhether  a persoo  is  left  or  right 
henispheric  doilsaiit  for  language  fusctioss.  However,  It  has  been 
suggested  that  these  techniques  are  sot.  Is  fact,  neasores  of  speech 
lateralltatlos  but  of  other,  learned,  effects.  The  auditory  asymetry 
has  been  attributed  to  order  of  report  phesoBsna  (Ozbury,  Ozbury,  and 
Gardner,  1^67)  and  visual  field  asyimetries  to  reading  habit  {Heron, 
1957).  However,  this  paper  will  show  la  Its  review  that  convlnclsg 
evidence  does  exist  that  the  auditory  asymeetry  and  the  Tisual  field 
asysmetry  are  ralatsd  to  the  functional  asysmetry  of  the  cerebral 
hemispheres. 

Auditory 

Studies  is  audition  have  utilised  the  DlchoUc  listening 
Technique,  developed  by  Broadbent  In  1954.  Croups  of  digit  pelts  ere 
presented  simultaneously  to  each  ear,  with  recall  Immediately  following 
completion  of  a group  (e.g.  >palrs,  h-palrs,  etc.].  The  stimuli  are 
presented  so  that  one-half  of  a digit  pair  Is  presented  to  one  ear  at 
the  same  time  as  the  second  half  la  presented  to  the  other  ear. 
Broadbent  (1954]  devised  this  technique  In  order  to  study  short  tern 
memory  processes  and  developed  a theoretical  model  of  ebon  term 
memory,  based  uponthe  observation  that  Sa  tended  to  report  all  the 
digits  presented  to  one  ear  before  recalling  digits  presented  to  the 
other  ear.  Broadbent  hypothesised  that  the  digits  from  the  ear  reported 


secosS  vere  staucteil  Into  & temporary  sbort  term  store  vblle  tbe  digits 
to  tbe  ear  reported  first  vere  being  processed. 

KlDura  (19£u,  ly^lb)  utilised  this  technique  to  determine  tbe 
integrity  of  memory  processes  subsequent  to  lesions  in  the  temporal 
lobes.  lobectomy  of  either  tbe  left  or  the  right  tamporal  lobe  vas 
found  to  produce  a significant  deficit  in  recall  for  information  pre- 
sented to  the  counterlateral  ear.  Kiiura  also  found  thati  regardless 
of  the  site  of  the  lesion,  superior  recall  for  digits  vas  obtained  in 
the  ear  oontralateral  to  the  hemisphere  domlnent  for  speech  (as 
determined  by  tbe  Vada  sodium  aoytal  tsst).  Oils  esr  asymmetry  vas 
demonstrated  only  under  conditions  of  binsural,  simultaneous  stimu- 

Ibese  findings  led  Kimura  to  suggest  that  tbe  Sichotic  Listening 
Test  vas  correlated  with  speech-brain  laterality.  Tbe  ear  contra- 
lateral to  tbe  dominant  speech  hemisphere  vas  superior  to  the 
ear,  suggesting  that  tbe  contralateral  patbvays  for  procesalng  verbal 
material  are  more  efficient  under  conditions  of  simultaneous  stimu- 
lation. £arlier  vork  vltb  the  cat  (Sosensvelg,  1951)  and  the  dog 
(Tunturi,  194^)  demonstrate  that,  in  fact,  contralateral  auditory 
fibers  do  predominate  under  both  monaural  and  binaural  auditory  stimu- 
lation. This  finding  has  recently  been  confirmed  by  Sparrov,  Knapp, 

King  and  Koberts  (1957)  presenting  cliche  monaurally  and  blnaurally 
to  cats.  Sate  (1958)  has  pointed  out  that  this  eiplenation  of  the  right 
ear  superiority  on  the  Dicbotic  Listening  Test  invokes  sn  asyimsetry  at 
two  levels  of  brain  function,  "(1)  lateralltatlon  or  'domiaance'  at 
the  cortex,  in  this  case,  speech  end  language  and  (2) 


the  level  of 


Here  nuaerous  or  sore  efficient  patbveys  subserTlng  contralateral 
connections  up  to  the  cortex"  (p.  277). 

Kimira  (19^)  further  deaonstrated  that  these  contralateral 
effects  also  occur  for  nonrerhal  auditory  aaterlali  for  which  superior 
recall  was  found  in  the  ear  contralateral  to  the  "nondoainant" 
heaisphere.  Thus,  while  one  heaispbere,  usually  the  lefti  predomin- 
ates in  the  processing  of  language  functions,  the  other  heaisphere 
predealutas ; in  the  processing  of  nonverbal  data  such  as  aelodles. 
Unura  found  that  under  conditions  of  siaultaneous  stiaulation,  ri^t- 
hended  Ss  typically  show  better  recall  for  verbal  aaterlals  from  the 
right  ear  and  better  recognition  of  melodies  from  the  left  ear. 

Several  investigators  have  dsaonstrated  differences  in  ear 
asymaetry  between  left-  and  right-handers  using  the  Uchotlc  Listening 
Test  (Brydes,  1963t  Sati,  at  al..  19i5).  A major  handicap  of  these 
studies,  however,  has  been  tbelr  classification  of  bandedness,  generally 
by  self-report.  Sets,  Aehenbach,  and  Jennell  (I967)  using  a multi- 
variate enalysie  of  manual  test  scores  found  that  head  skills  seem  to 
be  a more  meaningful  classification  of  ^s  than  the  traditional  hand 
preference  dichotomy.  They  administered  several  manual  performance 
tests  and  hand  preference  measures,  as  well  as  the  Bichotic  Listening 
Test  (d  pairs,  at  2 pairs/second)  to  a large  group  of  right-  and  left- 
handed  Sz.  Previous  findings  of  differences  in  ear  asymnetry  betwem 
rl^t-  .end  left-handers  were  replicated,  with  the  right-handed  Se 
showing  a larger  right  ear  superiority.  Subjects  were  then  assigned 
to  predicted  left  or  right  hemisphere  speech  dominact  groups  on  tha 
basis  of  their  scores  on  the  Bichotlc  Listening  Test.  It  was  found 


iUon  ^)etween  bandednees  and  predicted  speech-train 


that  the  assoda 
dsicinance  voe  significantly  increased  if  the  multi Tarlate  hand 
laterality  sccras  were  used  as  the  hasis  for  classification,  rather 
than  the  traditional  suhlectlve  report  of  hand  preference.  Sate  and 
eseoclatee  suggested  that  failure  to  utilise  more  refined  meuures  of 
icanual  differentiation  may  ohecure  the  relatlonshipe  between  bandednees 


Criticism  of  the  Dlehotlc  Listening  Studies 

It  has  been  alleged  that  the  ear  asymmetry  observed  with  the 
Slchotlc  Listening  Studies  Is  unrelated  to  the  functional  aaymnetry  of 
the  cerebral  heiil spheres  hut  Is,  instaad,  merely  an  artifact  of  the 
order  of  report  employed  by  the  £s  (Oxhury,  et  al..  I967).  This  vlaw. 
point  Is  based  on  the  fact  that  Ss  under  conditions  of  free  recall  tend 
to  recall  digits  from  the  right  ear  before  digits  from  the  left  ear. 
Since  the  right  ear  digits  are  recalled  first,  a serial  order  hypothesis 
would  predict  a right  ear  superiority  on  this  basis  alone. 

Several  factors,  bowaver,  offer  convincing  evidence  that  the 
right  ear  superiority  on  the  Dichotic  Listening  Test  is  related  to 
the  functionsl  asymmetry  of  the  hemtspheres  and  the  greater  efficiency 
of  the  contralateral  auditory  fibers,  first,  several  studies  have,  in 
fact,  controlled  for  the  order  of  report  and  still  demonstrated  a 
right  ear  superiority  in  Sichotis  Listening  (Cooper,  Sats,  Achenbach  and 
Levy,  19i7;  Barts,  et  al..  l?^?).  Second,  Kimura  (Wfii)  tested 
patients  for  tAiom  speech  brain  laterality  was  known  on  tbe  basis 
of  the  Vada  sodium  amytal  test  and  found  that  speech-brain 


asynEeUi’  (Sats,  et  al..  19i7).  fifth,  the  order  of  report  effect 
Itself  suggests  that  the  right  ear  preference,  under  free  recall  con- 
ditions, he  a natural  result  of  the  more  efficient  auditory  path- 
ways from  the  right  ear  to  the  speech  areas  of  the  left  cerehral 
hemisphere. 

T'siinl  Studies 

In  contrast  to  the  auditory  system,  the  visual  system  offers  a 
mere  promising  opportunity  to  luTestlgate  the  functional  asymmetry  of 
the  cerehral  hemispheree  hecause  of  the  complete  neuroanatooical 
separation  of  the  nerve  fibers  connecting  the  heniretlnas  with  the 
two  hemispheres.  Infoniation  presented  to  the  central  araa  (macula) 
of  each  eye  is  transmitted  via  crossed  and  uncrossed  pathways  to  both 
the  left  and  right  hemispheres.  Stimuli  presented  to  the  visual  fields 
(lateral  areas),  however,  go  only  to  the  contralateral  hemisphere, 
llius,  visual  stimnli  in  the  left  visual  field  are  transmitted  directly 
to  the  striate  cortex  of  the  right  hemisphere  while  stimuli  in  the 
right  visual  field  are  transmitted  directly  to  the  striate  cortex  of 
the  left  hemisphere. 

This  complete  decussation  of  the  vIsubI  nerve  fibers  permits 
one  to  test  Inferraoes  about  the  asymmetry  of  the  hemispheres  through 
stimulation  of  the  visual  fields.  It  cen  ba  predicted  that  the  right 
visual  field  should  be  euperlor  for  the  processing  of  verbal  information 
due  to  its  inre  direct  connections  to  the  lenguage  areas  of  the  left 
hemisphere  is  right-handed  persons.  Slidlarly,  processing  of  nonvsrbal 
stimuli  should  be  superior  for  stimuli  prssented  to  the  left  visual 
visual  field  because  of  its  more  direct  connections  to  the  right  (non- 
speech) hemisphere. 


Nunerous  studies  bare  been  done  in  tbe  tacblstoscoplc  recog- 
nition of  Tlsual  field  stlouli  vlilcb  provide  sone  test  of  tbeee  pre- 
dictions. Vben  verbal  stlisall  are  presented  successively  either  to 
the  left  or  rl^t  of  a central  fixation  point,  recognition  is  generally 
■ore  accurate  in  the  right  visual  field  (Bryds),  I965)  vhlle  enuaer- 
atlon  of  nonverbal  naterlal  le  superior  In  the  left  visual  field 
(KlBura,  19^6). 

The  finding  of  superior  taehlstoscople  recognition  for  words 
in  the  right  visual  field  under  conditions  of  successive  presentation 
van  first  noted  by  Mishkin  and  Torgays  (1952),  and  has  been  replicated 
on  nuoerons  occasions  (forgays,  1953;  eoodgloss  and  Barton,  19d3i 
Barcma  and  flnkel,  19d3i  Orbacb,  1952,  1957;  Terrance,  1959;  Hlnnldc 
end  Dombush,  I965}.  Superior  recognition  on  the  right  visual  field 
has  also  been  found  for  letters  (Bryden,  1954;  Bryden  and  Rainey, 

1953;  Beron,  1957;  hlaura,  1955)  and  outlines  of  familiar  objects 
(Wyke  and  Bttllnger,  1951).  Experiments  have  found  no  significant 
differences  between  the  visual  fields  for  tacblstoscoplc  rsoognitlon 
of  geometric  forms  (Bryden,  1950;  Bryden  and  Rainey,  1953;  Heron,  1957; 
Terrance,  1959;  Umura,  1955).  A left  visual  field  superiority  has 
been  found  for  enumeration  of  dots  and  geoietrlc  forms  (Hlmura,  1955). 
Thus,  differences  in  visual  field  asymmetry  can  be  observed,  idiieh 
are  related  to  the  type  of  etlmull  presented;  that  Is,  verbal  stimuli 
are  recognised  be'tter  In  the  right  visual  field,  ;dille  nonverbal  stimu- 
li show  no  visual  field  asymmetry  or  are  recognised  sore  accurately 
In  the  left  visual  flAd.  Monocular  tacblstoscoplc  presentation  of 
stimuli  to  the  right  or  left  of  a central  fixation  point  has  also  been 


deaonstrate&  to  result  in  a right  Tisual  field  superlorlt)'  for 


(Barton,  at  al..  1965;  Goodglaae  and  Barton,  1963;  Overton  and 
Viener,  1966),  These  findings  apparently  fulfill  the  predletions 
node  on  the  basis  of  the  decussation  of  visual  nerve  fibers  and  the 
functional  asymietry  of  the  tvo  beDlspheres. 


It  has  been  Charged,  houever,  that  Che  right  visual  field 
superiority  for  words  in  tochlstoscoplc  recognition  studies  is  not 
due  to  the  effects  of  speech  brain  asymaetry  but  rather  to  the  left- 
to-rlght  reading  habit  (Heron,  ^57),  Heron  suggested  that  When 
words  are  presented  to  the  right  of  fixation,  both  direction  of 
scanning  and  the  intrinsic  charasterlstics  of  the  stliull  fellow  the 
noroal  left*to.rlght  reading  direction.  However,  when  stlouli  are 
presented  to  the  left  of  fixation,  tvo  scanning  novements  are  neces-. 
sary:  a right-to-left  soveaent  to  the  beginning  of  the  word  and  en 
additional  left-to-rlght  ooveaent  to  "read"  the  stinulus.  Three  find- 
ings have  traditionally  been  used  to  si^ort  this  hypothesis  (Orbacb, 


1,  Studies  had  not  found  a ri^t  visual  field  superiority 
for  Hebrew  words,  which  are  read  fioD  right  to  left,  when  Ss  who  had 
learned  Hebrew  aa  their  native  language  were  tested  (Mishkin  and 
forgays,  1952;  Orbaoh,  1952). 

2.  Hhen  Zngllsh  words  were  printed  froo  right-to-ieft,  thus 
reversing  the  polarity  of  the  words,  £s  tended  to  recognise  then  sore 
accurately  in  the  left  vleual  field. 


3.  sfte 


sloultaceoiisly  to  both  the  left 


en  vords  are  presented 
and  right  risoal  fleldsi  they  are  generall  recalled  aore  accorately 
In  the  left  vleiuil  field. 

ill  of  these  findings  sash  compatible  vltb  the  directional 
scanning  effects  hypothesis  and  suggest  that  directional  scanning 
effects  ere  an  ioportant  source  of  rariaticn  In  the  tachistoseopic 
recognition  paradigm.  There  is  also  evidence,  hoverer,  that  the 
directional  scanning  effects  are  not  the  sole  deternlnante  of  the  Tls- 
ual  field  asynmetry  and  that  the  rlsual  field  asyoaetry  is  also  af- 
fected by  the  functional  asynsetry  of  the  hemispheres,  first,  as 
has  already  bean  noted,  the  visual  field  asymmetry  varies  as  a result 
of  the  type  (verbal  versus  nonverbal]  of  stimuli  presented  in  a manner 
consistent  uith  predictions  made  from  the  evidence  concerning  speech 
brain  laterality  and  visual  pathvays.  Klmura  (19^)  demonstrated 
that  the  same  Js  who  shoved  more  accurate  recognition  of  letter  groups 
in  the  right  visual  field  also  showed  more  accurate  enumaratlon  of 
dots  and  slsple  geometric  figures  In  the  left  visual  field. 

i second  finding  that  supports  the  liportance  of  speech  brain 
asymmetry  In  the  visual  field  asymmetry  is  the  difference  in  visual 
field  asysmatry  between  left-  and  rigbUhenders  (Bryden,  19^3;  Orbach, 
193?].  It  can  be  predicted  from  speech-brain  relationships  that 
left-handers  should  show  less  right  visual  field  superiority  for  verbal 
materials,  sines  fever  left-handers  have  spseeb  localised  in  the  left 
hemisphere  (Branch,  et  el..  19dh}.  This  prediction  has  bean 
by  both  Bryden  (19^5]  and  Orbach  (1937], 


confirmed 
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A tUri  finding  h&s  been  B&rton  et  al.  (19^$)  and  Orbach’s 
recent  denonetratlcn  that  right-handed  native  readers  of 
Behrev  do  recognlte  significantly  none  English  and  Hebrew  words  In 
the  right  vlEUal  field.  Barton  et  al..  under  monocular  view  condl-  - 
tlons,  presented  English  and  Hebrew  words  vertically.  The  vertical 
presentation  would  presumably  Dinlmlse  left-to-rlght  or  rlght-to-left 
directional  scanning  effects.  They  found  that  native  readers  of 
Hebrew  recognised  significantly  more  English  and  Habrsw  words  under 
this  viewing  condition,  again  suggesting  speech-brain  asymmetry 
effects.  The  asymmetry  was  also  found  to  be  greater  for  the  left 
eye,  which  has  been  attributed  to  the  greater  sensitivity  of  the 
nasal  visual  field  (Kiemra,  196SK 

Crbach's  (19S?)  study  illustrates  the  interaction  of  the 
effects  of  both  speech-brain  asymmetry  and  directional  scanning  mech- 
anisms. Orba^  tested  native  bom  Israeli  Ss,  all  of  whom  had  learned 
Hebrew  as  their  first  and  English  as  their  second  language.  He  presented 
both  English  end  Hebrew  v^s  binocnlarly,  using  successive  tachisto- 
scopic  presentation.  He  found  that  right-handed  Ss  recognised  both 
English  and  Hebrew  words  more  accurately  in  the  ri^t  visual  field, 
while  left-handed  ^s  recognized  English  more  accurately  in  the  right 
visual  field  and  Hebrew  more  accurately  in  the  left  visual  field. 

The  finding  of  a right  visual  field  superiority  for  Hebrew 
words  is  quite  damaging  to  those  who  bold  that  only  directional  scan- 
ning affects  are  responsible  for  the  tight  visual  fi^d  superiority 
found  for  tachistoscoplc  recognition  tasks.  Since  Hebrew  words  are 
read  from  rlgbt-to-left,  a dlreotional  scanning  hypothesis  must 


uperlorit;,  vUcli  is  the  opposite  of 


vhat  actuslly  occurred.  Indeed,  as  has  preTlously  been  noted,  the 
lack  of  a significant  right  visual  field  superiority  for  Behrev  in 
tvs  early  studies  tHishkin  end  I^orgays,  1952:  Orhach,  1952)  has  been 
cited  by  proponents  of  the  directional  scanning  hypothesis  as  contra- 
dieting  any  Influence  of  speech-brain  asysmetry  on  visual  field 
asynetry.  However,  the  differences  In  asyiaetry  between  English 
and  Hebrew  words  in  Orbach's  study  does  suggest  that  directional  scan- 
ning effects  were  also  operative.  With  the  Hnglisb  words,  both 
directional  scanning  and  speech-brain  asymnetry  effects  would  favor 
a right  visual  field  asymmetry  resulting  in  a large  right  visual 
field  superiority  for  both  ri^t-  and  left-handers.  With  the  Hebrew 
words,  the  speech-brain  esymmetry  effect  would  again  favor  a rl^t 
visual  field  superiority;  however,  directional  scanning  effects  would 
favor  a left  visual  superiority.  Compounding  the  effects  of  visual 
scanning  with  speech-brain  laterality  results  in  a smaller  rl^t 
visual  field  superiority  for  right-handers  (where  epeech-hraln  aeynmetry 
is  most  consistent]  and  a slight  left  visual  field  superiority  for 
left-handers. 

Studies  using  Slirniltanmn.  V<«im1 

Vhile  a consistent  right  vlsuel  field  superiority  for  verbal 
materials  has  been  demonstrated  in  the  studies  using  successive 
tachlstoscspic  presentation  (stimuli  presented  either  to  the  left  or 
right  or  a central  fixation  point],  this  has  not  been  true  with  slmul- 
teneons  tachistoscopic  presentation.  Vhen  stionli  are  presented  eioul- 
to  the  left  sM  to  the  right  of  a oentral  fixation  point,  a 


aeously 


su&l  field  superiority  lias  been  found  for  letters  (Bryden, 


19^{  Bryden  and  Rainey,  19^3!  Heron,  1957;  Hlmira,  1959),  seoDetric 
forms  (Bryden,  i960;  Bryden  and  Rainey,  1963;  Ilsiura,  1959),  nonsense 
vords  (Haicuo,  i?6b],  and  outlines  of  fanlltar  objects  (Bryden  and 
Eainey,  1963],  Superior  reoogsltlon  in  the  right  visual  field  was 
found  for  outlines  of  familiar  objects  (Vyke  and  Sttllnger,  I961)  and 
for  letters  under  conditions  (Kiaura,  1959;  Heron,  1957). 

The  finding  of  a left  visual  field  superiority  under  most  con- 
ditions of  sinultaneous  tachistoscopic  stimulation  has  usually  been 
attributed  to  a second  kind  of  directional  scanning  tendency;  that  is, 
there  is  a tendency  to  scan  the  left  rlsnal  field  before  the  right 
when  both  fields  are  stimulated  simultaneously.  Rimuia  (1966)  has 
suggested  that  fundamentally  different  factors  underlie  the  asymmetry 
observed  with  simultaneous  as  opposed  to  succeseive  rendom  tachisto- 
scopic stimulation.  She  hypothesised  that  under  simultaneous  visual 
field  stimulation,  directional  scanning  tendencies  would  predominate 
(i.e.,  left  visual  field  superiority).  Under  successive  random  tach- 
ietoscoplc  presentation,  the  type  of  stimulus  materiel  (i.e.,  verbal 
versus  nonverbal)  will  detsrmine  which  visual  field  shows  more  accurate 
recogni  tion. 

T>.=  vicirni  md  Audltorv  Procedures  as 

Studies  have  been  reviewed  concerning  the  Tlsual  and  auditory 
procedures  Aich  seem  to  correlate  with  the  functional  asymmetry  of  the 
two  hemispheres  in  man.  Ihese  studies  were  reviewed  in  light  of  the 
seed  for  development  of  correlates  of  the  speech-hrain  asymmetry  in 
man,  which  can  be  ^lied  to  normal  ^s. 


IJ 


Tvs  questions  need  to  be  asked  of  sucb  tectinlques  if  tbey  ore 
to  tie  applied  for  predictive  purposes.  First,  are  tkey  valid  measures; 
that  Is,  do  the  techniques  actually  reflect  asyiaetry  In  cerebral 
brain  function;  and  second,  are  they  poverful  enough  to  be  useful  for 
predictive  purposes. 

Soth  the  visual  and  auditory  procedures  do  seem  to  validly 
reflect  the  underlying  asymmetry  in  speech-brain  function.  The 
evidence  that  these  procedures  are  correlated  vlth  cerebral  asysBeetry 
is  quite  slnilar  for  the  visual  and  auditory  techniques.  First, 
both  procedures  shov  a lateralised  asynnetry  in  the  direction  vhich 
would  be  predicted  from  the  asymmetry  of  the  hemispheres  and  the 
neuroanatomieal  pathways  (i.e.,  right  visual  field  superiority  for 
verbal  material;  right  ear  superiority  for  verbal  material].  Second, 
both  procedures  show  a reversal  of  asymmetry  for  verbal  versus  non- 
verbal material.  Third,  both  procedures  shov  a largff  asymmetry  for 
ri^t-handsd  Ss  than  for  left-handed  Ss,  In  addition,  the  Slehotic 
Listening  Test  has  been  correlated  with  the  Hada  sodium  amytal  test 
(nmura, 

In  terms  of  predictive  validity,  however,  the  two  techniques 
show  contrasting  strangths.  The  strength  of  the  Slehotic  Listening 
Test  lies  in  its  powerful  effect  (e.g.,  6?  per  cent  of  the  ri^t- 
handed  Ss  shoved  a n^t  ear  superiority  for  the  £-palr  condition] 
and  relative  freedom  from  learned  contaminating  factors.  The  Bicbotic 
Listening  Test  has  already  heen  used  to  relate  manual  skills  to  speech 
dominance  ISats  et  al..  I9S7),  study  development  of  cortical  lateral- 
Isatlon  in  children  (Klmura,  i9d3],  study  spseob-brain  relatienahips 
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find  geaetlc  factors  aslnf;  ideatical  twins  (Sats,  1968),  and  stady  tba 
rola  of  iscosplete  cortical  latsralltation  In  doTelspiental  dyslexia 
(Sparrow,  19£8). 

Tbe  atrenetb  of  the  visual  xeasures  lies  In  the  superior 
neuroanatonical  separation  of  Inputs  to  the  two  hemispheres.  Stinuli 
presented  to  either  ear  go  to  both  the  left  and  right  hemispheres 
via  crossed  end  uncrossed  pathways.  The  ear  asynnmetry  Is  thus 
dependent  on  the  relatively  greater  efficiency  of  the  crossed  auditory 

the  right  visual  field  are  processed  directly  to  the  left  hemisphere 
and  etlmili  presented  to  the  left  visual  field  are  transmitted 
directly  to  the  right  hemisphere. 

Eowever,  the  visual  field  techniques  which  have  heen  developed 
thus  far  have  not  shown  usefulness  as  predictors  of  speech  laterality. 
First,  the  only  consistently  ohsarved  right  visual  field  superiority 
has  been  found  with  successive  tachistosocpic  presentation.  It  has 
not  been  shown,  however,  that  this  Is  as  powerful  en  effect  across 
£s  as  has  been  observed  in  widl tlon.  Second,  the  right  visual  field 
superiority  that  Is  observed  with  successive  tachlstoscoplc  presenta- 
tion Is  dependent  cn  both  spsenh-braln  asymmetry  and  directional 
scanning  effects.  Thus,  it  is  a contaminated  and  someiAat  unsatls. 
factory  technique  to  utilise  as  a measure  of  cerebral  asymmetry. 

Develonaent  of  he"  vumi  procedures 

This  paper  describes  two  experiments  which  attesgit  to  develop 


parsdlgm  for  exploring  visual  field  asymmetry  through 


of  short  terh  nesor;  procedures.  Ihe  Cechiili}ue  used  Is  sonevhet 
auidogous  to  the  Sichotic  Listsolng  Test  is  audilios,  since  seciuesces 
of  digit  pairs  are  presented  to  the  £b.  In  £xperinest  I the  pairs 
are  presented  sloultaneously  to  both  nsual  fields.  In  Siperlnent  II, 
the  pairs  are  presented  sinultaaeouely  to  the  macula  and  one  visual 
field.  It  Is  hypothesised  that  the  use  of  simultaneous  stimuli, 
within  a short  term  memory  paradigm,  may  provide  a more  powerful  pro* 
oedure  for  enhancing  visual  field  differences  In  recall.  In  additloc, 
the  use  of  similar  experimental  techniques  In  both  the  visual  and 
auditory  modalities  enahles  the  Investigator  to  mahe  more  effective 
comparisons  of  the  asymstrles  observed  in  each  modality. 

The  questions  to  he  answered  in  these  experiments  arei 

1.  Are  there  differences  in  accuracy  of  recall  for  digits 
between  the  left  and  ri^t  visual  fields  when  both  ore  stimulated 
simultaneously  within  a short  tens  memory  paradigm  (Experiment  I)? 

A left  visual  field  superiority  would  be  consistent  with  Zlmura's 

directional  scanning  hypothesis,  derived  from  tachlstoscoplc 
simultaneous  stimulation  studies.  A right  visual  field  superiority 
would  suggest  speech-brain  asymmetry  effects  analogous  to  those  found 
In  audition  using  simultaneous  stimulation  In  a short  term  memory 
paradigm. 

2.  Is  is  possible  to  Increase  tbe  visual  field  asyimetry  by 
controlling  for  order  of  report  [Experiment  ID? 


HSTHOD 


aulptept 

All  experlDSDts  veie  perfoniied  is  a dimly  lllualnated  room, 
vitb  one  light  source  directly  hehlsd  the  Ss.  The  Ss.  vere  seated  at 
a table  vlth  their  heads  positioned  on  a chin  and  forehead  rest  vhlch 
vas  paroanently  mounted  to  the  table.  Stimuli  vers  presented  at 
about  eye  level  on  a rear-vlev  projection  screes  five  feet  In  front 
of  the  A iCodalc  Idao  Analyst  projector  (Model  Number  BF.16  AS) 
vlth  both  variable  rheostatic  and  governor-set  speed  controls  was 
employed.  The  governor-set  speed  control  was  used  In  all  es^erinents 
with  the  film  shovn  at  about  24  frames  per  second.  The  stimuli 
appeared  vhlte  against  the  darher  background  of  the  screen. 

The  stimuli  used  were  single  digits  (0.?)  which  vere  projected 
at  3°  of  visual  are  from  a central  fixation  point.  Each  digit  sub- 
tended approximately  45'  of  arc  In  height  and  30'  in  width.  At  the 
beginning  of  each  trial,  a central  fixation  point  appeared  for  one 
second  Immediately  folloved  by  a sequence  of  digit  pairs.  No  number 
appeared  more  than  once  In  any  given  trial.  In  both  experiments, 

30  trials  vere  used,  vlth  the  last  15  trials  identical  to  the  first 
except  for  a reversal  of  the  field  to  vhlch  the  digits  were  projected. 
The  exposure  time  vas  174  msec  per  pair.  This  rate  vas  chosen  on  the 

IS 
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^Is  of  prelininftr/  studies  which  Indicated  that  this  rate  was  of 
approxlsately  ecual  difficulty  to  the  standard  auditory  rate  of  two 
pairs  per  second,  ia  interstiinalas  intersal  of  17>t  nsec  was  employed 
only  in  Expeiiment  I.  A hetween-trlals  Interval  of  tan  seconds  was 
used,  during  which  £b  reported  the  digits  recalled.  All  responses 
were  recorded  by  £ immediately  following  each  trial. 

All  ^s  were  undergraduates  at  the  UnlTerslty  of  norlda, 
GainesTille.  The  ^s  ranged  in  age  from  l£  to  30.  The  £s  were 
screened  for  visual  acuity  using  a Snellen  Eye  Chart,  with  a required 
corrected  or  uncorrected  acuity  of  at  least  ZC(/hO  for  each  eye. 


Eroerlaent  I 

This  experiment  inTestigates  visual  field  asymmetry  and  order 
of  report  with  three  pairs  of  digits  in  a free  recall  situation. 

Method 

Three  pairs  of  ilgits  were  presented  in  870  msec.  In  each 
digit  pair,  one  digit  was  projected  to  the  left  end  one  digit  to  the 
right  of  a central  fixation  point,  which  remained  on  the  screen  during 
all  three  digit  pairs.  Subjects  viewed  three  practice  end  30  test 
saries  of  digits,  blnocularly. 

Tventy.seven  right-handed  and  fourteen  left-handed  male  and 
female  were  tested.  These  Se  were  classified  as  right-  or  left- 
handed  on  the  basis  of  a ten-item  questionnaire. 


Subjects  were  Instructed  to  fijate  on  tbe  central  fixation 
point  tbrougbout  sacb  trlali  They  vere  also  reminded  to  concentrate 
on  the  central  point  sereral  times  during  the  administration  of  the 
trials.  Subjects  vere  asked  to  report  as  many  numbers  as  they  could 
remember  in  any  order  they  vlshed.  Eouerer,  Ss  vere  not  permitted 
to  combine  numbers  (e.g. , 27  Instead  of  2,  7). 

Table  1 shows  the  per  cent  correct  recall  for  each  visual 
field  in  Experiment  I.  Tbs  data  vere  analysed  for  differences  In 

asymmetry  betveen  right-  and  left-handers.  Ho  significant  differencaa 
in  mean  recall  vara  found  betveen  visual  fields  (F  = 3.60,  p<  .1)  and 
between  left-  and  right-handers  (F  > 3.04,  p<.l].  However,  signifi- 
cantly morels  had  better  recall  in  the  left  visual  field  (Z  l.£3, 
p<.05).  The  interacticn  cf  visual  field  by  handedness  was  not  sig- 
nificant (F  = .05,  p<.:),  IndlcaUng  no  significant  dlffaranca  in 
visual  field  asymnetry  between  left-  and  right-handers. 

Table  Z presents  the  frequency  of  occurrence  of  several  types 
of  orders  of  report  for  Experiment  I.  Four  typea  of  orders  of  report 
were  analysed:  (1)  Visual  Field  (LLL,  RRA  or  RJUt.  ILL],  (2)  Attempted 
Field,  O)  Temporal  (LR,  Ut,  lA  or  RL.  HI.,  RL],  and  (4)  Others. 

Sryden's  [1952}  criteria  were  followed  for  etrateglea  (1]  and  (2). 


^ee  Appendix 


full  analysis. 


TABLE 


PER  CENT  CORRECT  BY  VISUAL  FIELDS  AND  KANDEDHISS 
FOR  ECFERIHEKT  I 


Saadsdnees  Field 

Left  Bight 

Left  9Z.F  91.4 

Rl^t  S8.4  88.4 

Total  91.3  89.7 


TABLE  2 


CnilER  OF  BEPOKT  ntEQUEBCIB  BY  PER  CIST  IS 
EAPHUHEHT  I 


Ordtr  of  Report  I 

Tenpoial  (I^)  70.61 
Field  (J>a)  2.23 
Attempted  Field  1.00 
Other  26.16 


The  tenporal  order  of  report,  as  defined  by  Bryden  In  audition,  did 
not  occur  in  vision.  Table  3 presents  the  tesiporal  order  of  report 
as  it  ocours  in  vision  and  audition,  is  shown  in  Table  3,  the 
temporal  order  in  vision  is  a pure  left-right  effect.  Typlgnlly, 
the  temporal  order  occurred  as  numbered  in  Table  3;  however,  on 
occasion  ^s  began  with  the  last  pair  of  digits. 

This  eiperiment  was  designed  to  investigate  visual  field 
asymmetry  under  a fixed  order  of  recall.  It  was  felt  that  using  a 
fixed  order  of  recall  would  control  for  the  bias  of  the  left-to- 
ri^t  reading  effect.  Three-pair  digit  sequences  were  presented 


Three  pairs  of  digits  were  presented  in  $22  msec.  1 central 
fixation  point  appeared  on  the  screen  for  one  second  prior  to 
presentation  of  each  group  of  digit-pairs.  One  digit  in  each  pair 
was  then  presented  at  the  central  point  of  fixation,  the  other  digit 
3°  to  the  left  or  to  the  right  of  fixation.  Sifteen  trials  were  ran 
with  three  digits  to  the  left  of  fixation  and  1$  trials  with  thrse 
digits  to  the  right  of  fixation.  Five  practice  trials  preceded  each 
series  of  1$  trials.  One-half  of  the  viewed  the  1$  right  visual 
field  trials  first;  the  second  half  viewed  the  1$  left  visual  field 
trials  first. ^ Thus,  a tuo-by-two  Latin  Square  was  generated  with 

^Data  on  other  visual  measures  administered  to  ^s  are  pre- 
sented in  Appendix  B. 


TASLE  3 


TEMPOUl  ORDili  OF  HH>0BT  IS  AUDITIOH  AHD  TISIOS  FOR 
3-PAIR  OOiroiTIOBS 


Audltlen  Tlslon 

Lsft  Rlgbt  Left  Right 
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Tlsual  fields  as  one  dlaensiOB  and  serial  position,  the  second 
dinensloE. 


forty-tm 


and  females. 


Subjects  were  asked  first  to  fixate  on  the  central  fixation 
point  and  then  on  the  three  ouDbers  which  fcllovsd  at  the  nolnt  of 
fixation.  Subjects  were  instructed  to  report  all  three  digits  pre- 
sented centrally,  before  recalling  any  digits  presented  to  the  left 
or  right  visual  field.  Subjects  were  permitted,  however,  to  recall 
the  digits  from  the  center  or  field  groiqis  in  any  order  they  wished. 

Results 

Mean  recall  and  per  cent  correct  for  each  visual  field  (de- 
layed half-spans)  are  presented  in  Table  4,  The  data  were  analysed 
for  differences  In  visual  field  asymmetry  and  also  for  practice 
effects  between  the  first  and  second  set  of  15  trials  using  a Type  I! 
analysis  of  variance.  Since  a trial  was  not  scored  unless  the  ^ 
correctly  nened  ell  three  digits  presented  centrally,  for  each  ^ the 
number  of  visual  field  digits  recalled  was  divided  by  the  number  of 
trials  scored,  to  obtain  the  mean  number  correctly  recalled  per  trial. 
Subjects  were  able  to  correctly  recell  the  three  center  digits  In 
85.77  per  cent  of  the  trials.  The  analysis  of  veriance^  showed  that 
the  right  visual  field  was  significantly  batter  In  a fixed  order  of 

full  enalyals. 
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MOlH  RSULL  AHS  FSR  C£HT  correct  by 
TISUAI  FIELI5 


recall  (F  = 26,3,  p<  ,001).  There  vas  also  a significant 


effect,  with  the  last  IS  trials  recalled  more  accurately  than  the 
first  15  trials  (F  = 23.17,  p<.0Ol).  A significant  Interaction 
occurred  letwesn  rleual  field  and  position  [T  “ 10.18,  ,005], 

which  vas  due  to  a greater  position  effect  when  the  left  Tlsoal 
field  trials  followed  the  right  rlsual  field  trials.  Further  analysis 
of  data  indicated  that  the  right  visual  field  superiority  vas  due 
prloarlly  to  serial  position  effects  (l.e.,  hotter  rl^t  visual  field 
recall  on  the  first  and  second  digits  of  each  trial).  Table  5 pre- 
sents the  lean  recall  for  each  visual  field  hy  serial  position. 


TABLE  5 


HEAH  RECALL  BY  SERIAL  PCSITIOH  ASB  VISUAL  FIELDS 


Fiald  Serial  Posmon  Total 

First  Second  Tbicd 
left  z.l  3.4  9.1  14.6 

Bight  3.4  4.7  9.3  17.9 


DISCUSSIOK 


Tbese  experlnests  denonstr&ted  tti&t  the  vlsiul  field  aeynBetry 
Taried  as  a function  of  free  versus  fixed  order  of  report.  Experlnent 
I (free  order  of  report)  found  that  more  Ss  displayed  superior  recall 
for  digits  presented  to  the  left  Tisnal  field.  Recant  studies  at  this 
University  (Hines,  et  al..  I9d7;  Shell,  1968)  have  replicated  this 
finding  using  a four-pair  condition.  These  results  are  presented  in 
lahle  8.  Inspection  of  this  table  shows  that  recall  was  superior  for 
digits  presented  to  the  left  visual  field  under  both  sonocular  and 
hinocular  viewing  conditions.  The  left  field  superiority,  under  free 
recall  conditions,  was  apparently  due  to  the  effects  of  directional 
scanning  and  order  of  report.  When  digits  were  preeented  in  sinul- 
taneous  pairs  to  each  visual  field,  the  digit  to  the  left  of  fixation 
was  generally  reported  first.  In  Riperinent  I,  it  reported  the  digits 
left-to-right  (tenporal  order)  on  60,6  per  cent  of  the  trials.  This 
order-effect  seeos  to  be  a direct  reflection  of  the  left-to-right 
reading  habit.  Thus  the  results  of  Eq)eriiseot  lari  consistent  with 
the  data  fron  simultaneous  tachietoscopic  experlnents  (Elaura,  1988). 

Experiment  II  was  designed  to  sdniidse  directional  scanning, 
while  controlling  for  order  of  report.  Subjects  under  this  condition 
showed  superior  recall  for  digite  presented  to  the  ri^t  visual  field. 
This  reversal  in  visual  field  asymmetry  was  striking;  roughly  60  per 
cent  of  the  Ss  ehowad  a higher  oorrected  mean  recall  in  the  right 
visual  fisld.  This  reversal  in  visual  field  asymmetry,  when 
29 
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dlrestlsnal  scwining  effects  were  controlled,  lends  strong  support 
for  the  effect  of  speech-breln  asyimetry  factors. 

An  alternate  explanation,  vhich  has  traditionally  been 
inroked  to  explain  right  visual  field  superiority  in  tachlstoscoplc 
studies,  is  Boron's  (19(7)  directional  scanning  hypothesis.  However, 
this  does  not  seen  adequate  to  explain  the  data  fron  Sxperlnent  II. 
Briefly,  Heron  suggested  that  it  is  sore  difficult  to  recall  the 
digits  in  the  left  visnal  field  because  it  requires  a rlght-to-left 
eye  oovenent  to  the  beginning  of  the  stimulus  and  an  additional  left. 
lo-rlght  movement  to  "read"  the  stimulus.  However,  the  taslo  of  first 
recalling  tbs  three  canter  digits  in  322  msec  was  difficult  enough 
(S3.7  per  cent  correct]  to  require  the  Ss  attention  and  to  insure 

doubtful  if  any  eye  movements  occurred  at  all.  in  addition,  since 
only  one  visual  field  digit  was  on  the  screen  at  any  given  time,  it 
is  likely  that  no  additional  eye  movement  would  be  necessary  for  the 
left  visual  field. 

l!he  changes  in  visual  field  asymmetry  related  to  serial  posi- 
tion also  contraindicated  directional  scanning  effects.  If  directional 
scanning  effects  of  any  kind  (eye  movements,  attentional,  etc.)  were 
Involved  then  the  right  visual  field  superiority  would  be  due  to  dif- 
ferences in  recognition  difficulty;  that  is,  it  would  he  easier  or 
more  natural  to  "see"  the  digite  in  the  right  visual  field.  If  this 
were  correct,  however,  then  the  visual  field  asymmetry  should  ha 
relatively  constant  across  digit  pairs,  since  it  would  be  essentially 
term  menoiy  aspect  of  the  task. 


unrelated  to  the  short 


contrast 


I,  the  de 


field 


asyimatiy  vas  directly  related  to  the  short  teen  nenory  aspect  of  the 
task  and  varied  systenatically,  according  to  serial  position  (see 
Table  The  shoved  equel  recall  for  the  stlnall  In  each  vlsnal 
field  os  the  last  (third)  digit  presented;  however,  they  recalled 
1.4  times  as  many  digits  In  the  right  visual  field  on  the  second  digit 
presented  and  l.d  times  as  many  digits  is  the  right  visual  field  on 
the  first  digit  presented. 

The  pattern  of  serial  order  differences  in  visual  field 
asyiBsetry  sesns  to  be  most  consistent  with  predictions  made  fron  the 

metry  with  Bicbotic  Listening  have  also  been  related  to  serial  order 
effects  (Bartt,  19^7). 

The  investigation  of  visual  field  asymmetry  under  instructed 
conditions  (Experiment  II)  also  proved  a paradigm  in  which  Broedbent'a 
(1994)  auditory  model  of  short  tern  memory  could  be  extended  to  vision 
and  correlated  with  the  underlying  nenroanatomlcal  pathways.  Thus, 
those  digit  helf.spans  which  the  ^s  in  Experiment  II  were  Instructed 
to  report  first  refers  to  Broadbent’s  p-system.  The  fact  that  these 
half-spans  were  presented  at  the  macula  Indicates  that  the  information 

cerebral  hemispheres.  Conversely,  those  belf-spsns  which  the  Sc  were 
instructed  to  report  second  refers  to  Broadbent's  short  term  storage 
or  s-system.  The  fact  that  these  half-spans  were  presented  only  to 
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the  left  or  to  the  right  visual  field.  Indicates  that  the  infcrnation 
vhlch  was  delayed,  was  transmitted  via  crossed  and  uncrossed  pathways 
to  the  hemisphere  contralateral  to  the'  field  of  etlEUlation.  This 
paradi^  thus  provides  an  opportunity  to  explore  pereoaters  of  short 
term  memory  (s-aystem)  transmitted  either  directly  [i.e.,  left  hemi- 
sphere] or  indirectly  (i.e.,  right  hemisphere)  to  the  language  proces- 
sing centers  of  the  hrain.  In  contrast  to  the  auditory  model,  the 
visual  paradigm  would  seem  to  offer  a more  suitable  framework  for 
testing  deductions  from  Sroadhent's  theory  and  relating  these  findings 
to  neurological  and  functional  differences  in  the  brain. 

The  analysis  of  orders  of  report  in  the  present  study  showed 
that,  under  free  recall,  ^s  adopted  grouping  strategies  that  differ 
from  those  reported  in  audition  (Bryden,  i9d2).  The  visual  analogue 
for  the  ear-order  report  lu  audition  corresponds  to  the  groining  by 
visual  field  in  the  present  study  (HI,  RJUt  or  kSR,  ILL).  In  Experi- 
ment I (3-pair  trial],  £s  grouped  the  digits  by  visual  field  in  only 
2.3  per  cent  of  the  trials.  The  corresponding  fre<iusncy  In  audition 
(ear-order)  is  7?  per  cent  for  the  three  pairs  of  digits.  The  most 
frequent  grouping  strategy  in  Experiment  I was  the  temporal  (I-E) 
order  of  report  which  occurred  on  70.6  par  cent  of  the  trials  and  on 
only  6.6  per  cent  of  the  trials  in  audition  (Bryden,  1962).  Thus,  an 
Inverse  relationship  seems  to  exist  between  orders  of  report  In 
audition  end  vision. 

By  contrast,  the  percentage  of  overall  recall  in  ^erimeot  I 
corresponded  closely  to  those  percentages  reported  in  audition. 


£ryden  (1?^}  and  Satz,  et  al.  (19^$)  repsrtad  an  accuracy  reiglug 
frcn  91  - 95  per  cent  for  3-pair  trials.  Tbe  carrespODiln;  percentage 
in  Ixperioent  I vas  90.5  per  cent. 

Isrclleatlens  for  future  Research 

The  results  of  Ixperioent  II  suggest  that  it  nay  he  poesihle 
tc  produce  a consistent  right  rlsual  field  asynoetry  across  ^3,  using 
a short  term  oemory  paradigm.  This  finding  needs  to  he  replicated  and 

1.  In  Experiment  II  a significant  practice  effect  occurred 
vbicb  cooplicated  the  assignment  of  Ss  into  a left  or  right  field 
doDinant  group.  Use  of  a repeated  ahba  design  might  control  sore 
effectlTely  for  practice  effects. 

2.  Tbe  differences  In  asynoetry  across  serial  positions 
suggest  that  the  ri^t  risual  superiority  might  he  increased  hy 
increasing  the  number  of  pairs  presented.  This  would  he  consistent 
with  results  from  tbe  auditory  studies  (Satz,  19^7]. 

3.  If  the  visual  field  asymmetry  is  due  to  the  epeacb-braln 
asynoetry  and  the  nore  direct  connections  between  Che  right  visual 
field  and  the  left  hemisphere,  other  Inferences  are  then  possible. 

a.  Ihe  asymmetry  should  he  larger  for  rl^t-banded  ^3. 

h.  Ihe  asymmetry  should  reverse  for  recognition  of  non- 

c.  The  results  of  the  visual  field  test  should  correlate 
with  the  results  of  the  Dlchotic  Listening  Test. 


If  these  pre<ilctli)iis  ere  coDflraed,  tbeo  the  evldenoe  tbet 
the  tisual  field  asyonetry  is  related  to  speech-brain  asymmetry  vould 
be  quite  conTlnclng.  Also  a pssltlTe  correlation  betveen  the  visual 
field  test  and  Dlchotlc  listening  Test  voull  provide  Isiportaot  cos- 
Btruet  validity  for  these  techniques.  The  techniques  could  then  he 
^iplled  vltb  assurance  to  the  problems  of  assessing  the  development, 
behavioral  correlates  and  genetic  correlates  of  speech-brain  later- 
ality In  normal  £s. 


SlTOUiHY 


VlBu&l  field  differences  were  inrestlgated  In  two  experiments 
vhicb  eeiployed  slDultaneous  oetbods  of  stinulstion  In  a recall  sr 
short  tens  nenor/  task.  Gxperineot  I presented  sluultaneous  digit 
sequences  (3  pairs)  to  each  vIsubI  field,  under  free  order  of  recall. 
Subjects  recalled  more  digits  frosi  the  left  visual  field  under  these 
hliocalar  vlevlng  conditions.  The  left  visual  field  superiority  vas 
postulated  to  he  a function  of  directional  scanning  effects  slisllar 
to  those  occurring  under  conditions  of  slnultaneous  tachistoscoplc 
presentation.  Ih^etinent  II  presented  three  pairs  of  digits,  vltb 
one  digit  in  each  pair  at  the  point  of  fixation  and  the  other  three 
in  either  the  left  or  right  visual  field.  Subjects  were  instructed 
to  report  the  digits  at  fixation  before  recalling  those  presented  to 
the  visual  field.  This  modification  resulted  in  superior  recall  for 
those  delayed  half-epans  presented  to  the  right  visual  field.  It  vas 
shown  that  the  more  direct  connections  betveen  the  right  visual  field 
and  the  speech  centers  of  the  left  besiispbere  vere  probably  responslhle 
for  this  striking  and  consistent  right  visusl  field  superiority. 
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Beuean  Ss  4791.39 
Bands  34^.88 
Srror  (b)  4444.5 

nmn  Ss  475.00 
Fields  41.02 
Fields  I Bonds  .554 
Error  (»)  443.42 
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1 346.88  3.04 

39  113.96 
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1 41.02  3.60 

1 .554  .04 

38  11.41 


AFfEHDIX  B 


nstw.  Mastmis  adhihisierso  ih  kcperimeit  ii 

Sutjects  la  Sxperisent  II  wars  adolniaterad  lasts  for  sighting 
and  reading  "doDlnance."  Reading  doninanee  was  naasured  on  the  Rey- 
stone  Ophthalmic  Telehinocular  at  a distance  equiTalent  to  i5B.5 
inchas.  Ihe  reading  material  consisted  of  two  short  paragr^s,  one 
of  which  was  presented  to  the  left  eye  and  the  other  of  which  was 
presented  simultaneously  to  the  right  eye.  Ihe  two  paragraphs  were 
identical  eic^t  for  eight  words,  and  were  presented  to  identical 
retinal  areas  of  each  eye.  Subjects  were  not  told  the  .purpose  of  the 
test,  hut  were  told  that  they  would  he  presented  with  a paragraph 
which  they  were  to  read  aloud. 

Ihe  slating  test  consisted  of  haring  ^s  sl^t  a li^t  hnlh 
about  50  feet  away  through  a small  hole  in  a piece  of  paper. 

Subjects  were  then  broken  into  left  or  ri^t  "dominant''  groups 
on  the  basis  of  thair  performance  on  the  reading,  sighting,  and  rissal 
field  test  scores.  Neither  the  sighting  or  reading  dominance  was 
significantly  related  to  the  results  of  the  risual  field  test  (Sight- 
ing dominance:  ■■  3.13;  Reading  dominance  - 4.19)  but  they  were 

significantly  related  to  each  other  (I^  • 11.14). 
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